We propose a new method to extract a CP angle γ from semi-inclusive two-
In the standard model ( SM ), the source of CP asymmetry is one complex phase in the Cabibbo-Kobayashi-Maskawa ( CKM ) matrix element [1] . Until now, only one experimental evidence of CP violation is found in K L → ππ decay and it comes dominantly from K 0 −K 0 mixing. Hence it should be important to probe the CP violation in the B systems in the future experiment in order to test the SM scenario of CP violation. One of the important objects to investigate CP violation is the unitary triangle which includes three angles α, β and γ. The angles β and γ are related to V td and V ub respectively and the angle α is obtained using the unitary relation α + β + γ = π. The recent numerical constraints of the three angles are given [2] : There are many suggestions to determine independently the angles of the unitary triangle. For example, the angle α can be determined by B → ππ modes if their gluonic penguin pollutions can be removed using the isospin relation [3] . The B → J/ψK S decay is goldplated mode to determine the angle β because the CKM angles from decay processes are almost canceled in the rate asymmetry and it can be unambiguously determined by B 0 −B 0 mixing which is related to the angle β. The angle γ may be obtained by B → DK modes [4, 5] . But it is noted in [6] that this method has the experimental difficulties because the finalD 0 meson should be identified usingD
There are some variant methods to overcome these difficulties [6] [7] [8] [9] . In Ref. [6] , the interference between
The extraction method of the angle γ using the color-allowed decays only is proposed in Ref. [7] . In Ref. [8, 9] , authors proposed the extraction method of γ using the isospin relation and neglecting the annihilation diagrams.
Other methods to constrain the angle γ from B → Kπ modes has been also proposed in Ref. [10] . However the long distance strong interaction effects might destroy the validity of this method [11] . These uncertainties and electro-weak penguin pollutions can be removed by using the B → KK modes and SU(3) flavor symmetry [12] . Such rescattering effects may be potentially important in any exclusive decays of B meson decays and it is important to remove hadronic uncertainties coming from the rescattering effects.
It is noted by several authors that inclusive and semi-inclusive decays of B meson could show large CP violation [14] [15] [16] . In Ref. [14] , the authors estimate the rate asymmetry using the absorptive part of the decay amplitude. Gerard and Hou [14] noted that CP T theorem is violated if one does not include all diagrams of the same order. The CP violation in the semi-inclusive charmless, single charm and double charm transition is considered in Ref. [15] . Moreover as the large cancellation between the semi-inclusive decay rates, the CP violation effects in the totally inclusive decays are expected to be tiny. However one can expect the large CP violation in the each of the semi-inclusive decays. Authors in Ref. [16] investigate the CP violation in the quasi-inclusive decays of the type B → K ( * ) X that the strange quark is only included in K ( * ) meson. The interference between the tree level process b → uūs and the one loop process b → sg * → sqq gives the direct CP violation.
In the Ref. [13] , authors proposed a systematic method of experimental search for twobody hadronic decays of the b-quark of the type b → quark(q) + meson(M). They have the well-defined experimental signature because the spectrum of the meson energy should be a peak centered around (m
b with a spread of a few hundred MeV. The energy of outgoing quark will be similar to that of the meson and become ∼ 2 GeV numerically. The hadronization process of the quark will lead to low average multiplicity about 3/event. They insisted that the combinatorics problem in discriminating against background is not so difficult. They considered the tree×penguin and penguin×penguin type processes to estimate the partial rate asymmetries and to consider electroweak penguin dominated branching ratios.
In this letter, we suggest a new extraction method of γ using the semi-inclusive twobody decays of the type b → D 0 (D 0 )s and b → D CP s which come form only tree diagrams ( see Fig. 1 ). These modes have the same advantage as other semi-inclusive decays given in Ref. [13] . The theoretical values of the decay rates would be less uncertain than the exclusive modes because the hadronic form factors are replaced with the calculation of quark diagrams. As these decay modes are semi-inclusive processes and final states involve a kind of isospin state, we also expect that they are free from the long distance effects of strong interaction. Because we consider decays of b−quark, all kinds of B hadrons can be used in this analysis.
The effective Hamiltonian relevant to b → Ds decays is given by
, where c 1 (2) are the Wilson coefficients and the subindex V − A denotes γ µ (1 − γ 5 ) structure.
Let us introduce the relevant amplitudes as follows,
where R b = √ ρ 2 + η 2 = 0.36 ± 0.08. The initial state b(b) is isosiglet and the final states are isodoublet. Hence these processes are described by the effective Hamiltonian of |∆I| = 1/2 and all amplitudes are given by the a complex number A with same strong phases and different CKM factors. It is a main advantage of using these semi-inclusive decays that there is no relative strong phase in the above amplitudes.
The semi-inclusive decay rates into flavor specific states of D meson are given by
S , where F P.S. is phase space factor and we neglect the small phase space differences.
On the other hand, using the definition of CP eigenstates of D mesons,
, and neglecting the small D 0 −D 0 mixing, we obtain the decay rates into CP eigenstate of final D meson:
Decay rate ratios A i between CP eigenstates and flavor specific states in the final D mesons are defined as follows,
, where i = 1, 2 is CP -even and odd eigenstates respectively and in the second line, we use the following relation coming from Eq. (4) and (5) :
Using Eq.(4), we can simplify the ratio A i as follows,
where ± correspond to i = 1, 2 respectively. Note that these simple relations come from the fact that there is no relative strong phase between A(b → D 0 s) and A(b →D 0 s) in Eq. (3). We can also define a combined asymmetry R between CP -even and odd states as follows,
Using Eq.(5) or Eq(8), cos γ is related to the asymmetry R as
The sum of initial b andb states is used in the definition of the ratio A i in Eq. (6) and the asymmetry R in Eq. (9) . Hence there is no need tagging of the initial b andb states and it is an experimental advantage of this method. From Eq. (8), (10) and using the present experimental value of R b = 0.36 ± 0.08, we can obtain the bound of the ratios A i and the asymmetry R : 0.18 ≤ A i ≤ 0.82, (11) −0.64 ≤ R ≤ 0.64.
If the ratios A i and R are determined between the above range in the future experiments, we can constrain the angle γ using the experimental data.
Let's probe the feasibility of this method in determining the angle γ. We need to know the branching ratio of each mode and the detection efficiences. In order to estimate the branching ratio of the relevant decay, we use the factorization approximation and obtain the relevant transition amplitudes :
where
The branching ratio is given by
where In order to estimate the uncertainty in the determination of the angle γ, we assume 3 × 10 8 BB events in B factories using e + e − annihilation at the Υ(4S) resonance. Tagging o , respectively. Using this information, we can estimate the error in determining γ. The result is given in Fig. 2 , where the horizontal and vertical axis represent γ and ∆γ in degrees, respectively. The real line and dashed line present the error in γ determined using the ratio A 1 and A 2 . The dotted line is error plot using the combined asymmetry R. They all give the similar results. From 40 o to 160 o , we can determine γ with 4-σ accuracy. We also investigate the possibility to extarct the information of the angle γ in the smaller number of BB events, 3 × 10 7 . The result is given in Fig. 3 . Even in this case, our method may give the reliable results that the angle can be determined with 2-σ accuracy for 40 o < ∼ γ < ∼ 60 o and 3-σ accuracy for 60 o < ∼ γ < ∼ 160 o .
In conclusion, we proposed a new extraction method of γ using the semi-inclusive decays of the type b → Ds,Ds, D CP s. These decays are relevant to only tree diagram (Fig. 1) and there is no relative strong phase depending on the final states because the final states are related to the semi-inclusive modes and only one kind of isospin state. Then we can simply relate cos γ to the R b and the ratios A i , R which should be determined in future experiment. Since we consider decays of b−quark, all kinds of b− hadrons can be used in this analysis. We also probe the feasibility of the suggested method in this paper by estimating the statistical errors in determination of the angle γ which is given in Fig. 2 . The value of γ should be determined with 4-σ accuracy for 40 o < ∼ γ < ∼ 160 o using 3 × 10 8 BB events in our method.
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